Shimada H, Obuchi S, Furuna T, Suzuki T: New intervention program for preventing falls among frail elderly people: The effects of perturbed walking exercise using a bilateral separated treadmill. Am J Phys Med Rehabil 2004;83:493-499. Objective: To determine the effects of a perturbed walking exercise using a bilateral separated treadmill in physically disabled elderly.
Many studies have assessed the efficacy of exercise intervention to prevent falls in elderly individuals, and the effects of these interventions are well recognized. However, subjects in the majority of these studies were community-dwelling elderly people [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and did not include the institutionalized elderly with serious functional impairment. 12, 13 Thus, the efficacy of exercise for preventing falls in institutionalized elderly is uncertain.
Previous studies have shown that exercises such as resistance, balance, and gait training seem to be effective. 14 Among these, tai chi is considered to be particularly effective. 15 Maintaining balance while performing the slow motions of tai chi helps to strengthen postural stability. However, most falls are the result of unexpected perturbation, such as stumbling or slipping while walking. 16 Furthermore, studies using unexpected perturbation clearly showed that dynamic balance while walking and static balance while standing are not necessarily related. 17, 18 We therefore consider instant reactions to unexpected perturbation to be important in preventing falls and consequently invented a treadmill that continuously and randomly generates unexpected perturbation while walking. 19 The purpose of this study was to determine the effectiveness of treadmill gait training in institutionalized disabled elderly and in those who regularly visit rehabilitation facilities with a high risk of falls. We also investigated the effects on balance function, gait function, and reaction time.
METHODS
Subjects. For this study, 124 frail elderly people who were either residents or outpatients of a geriatric health services facility and who were receiving rehabilitation as of November 2001 underwent a screening evaluation. In all of these subjects, muscle weakness and decreased balance and gait functions were present, and all subjects were at high risk for falls. All were disabled seniors who required public support through Japanese long-term care insurance screening.
Of the 124 subjects screened, 70 were excluded because they could not walk for Ն3 mins at a speed of 0.5 km/hr on a treadmill, 19 were excluded because they could not participate in the exercise program due to recognizable dementia, and three were excluded because of health problems. Thus, 32 subjects met the inclusion criteria for participation, and informed consent was obtained. This study conformed to the Helsinki Declaration.
The 32 subjects were randomly divided into two groups: a usual exercise group (n ϭ 14), which continued the same exercise regimen they had previously been doing, and a treadmill exercise group (n ϭ 18), which did the treadmill gait exercises in addition to their usual exercise program. Subject demographics are listed in Table 1 . No significant differences in demographic data were noted between the two groups.
Experimental Procedures. Before commencement of their respective exercise programs, both groups underwent a pre-intervention evaluation consisting of inquiries about number of falls, a physical performance examination, and a questionnaire survey. After the initial evaluation, the treadmill exercise group began a 6-mo-long treadmill gait exercise program. Both the usual exercise group and the treadmill exercise group continued their usual exercise programs consisting of stretching, resistance training, group training, and outdoor gait training. A postintervention evaluation was conducted for both groups at 6 mos after intervention (Fig. 1) .
Examination Items. On initial evaluation, we asked the subjects about the number of falls they had experienced during the year before commencement of the current exercise intervention. The number of falls experienced by the subjects during and at the conclusion of the study was also determined from nursing staff reports and monthly subject self-reports. When the number of falls differed in the monthly reports recorded by staff and subjects, the larger number was used.
Physical function was examined by evaluating the subject's balance, gait, and reaction time. Balance was evaluated by measuring one-leg standing time and the Functional Reach Test. 20 One-leg standing time was measured twice on both the right and left legs, and the average of the four performances was reported as the one-leg standing time. The Functional Reach Test was performed twice with the upper limbs reaching as far forward as possible, and the maximum length of the two tests was reported as the functional reach for the subject.
Walking speed was measured to evaluate gait performance. Walking speed was measured over a 10-m walking distance at a comfortable pace. Time was measured using a stopwatch.
Reaction time to an auditory stimulus (100 Hz) was measured using Whole Body Reaction Type-II (Takei, Japan). Subjects placed their finger on a switch to enable depression of the switch on receiving an auditory stimulus. Reaction time was measured under two conditions: while walking (RT walking) on a treadmill (Hitachi, Japan) at 50% of the subject's maximum walking speed and while walking at 50% of the subject's maximum walking speed with the speed of either the right or left treadmill belt randomly decreasing by 60% once every 5 secs (RT perturbed-walking). This deceleration over 500 msecs was intended to mimic slipping. Reaction tests were conducted five times for each test condition, with the average of the five trials being reported as the reaction time for each particular test condition. Before recording reaction times, all subjects were allowed to practice under each set of conditions ten times.
Intervention Method. Gait training on the treadmill was conducted in eight different phases. At the begin- 
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and 70% of the maximum speed was set for the training speed. Perturbation stimuli were progressively increased in magnitude and finally involved 100% reductions in speed (Table 2 , Fig. 2 ). The complete program was set at 600 mins to be completed over 6 mos, but the intervention was stopped at the end of the 6-mo period for all the subjects, including those who did not complete the entire 600 mins. The frequency of the intervention program ranged from one to three times weekly. Each exercise session was individually tailored to provide the appropriate exercise workload, taking into consideration rises in blood pressure during training and complaints of fatigue. Due to safety concerns and difficulties subjects encountered while walking on the treadmill during the evaluation phase of the study, all training sessions were conducted with the subjects holding onto handrails for support.
The usual exercise program included physical therapy for pain (hot packs, transcutaneous electrical nerve stimulation), stretching exercises, low-and high-intensity resistance training, gait training over level surfaces, outdoor walking, balance training, ascending and descending of stairs, and group exercise designed to improve lower-limb function. Because the usual exercise program was individually tailored for each subject, every subject did not receive all of the above components of the program.
Statistical Analysis. The t test was used to investigate differences in physical function between groups before intervention. To investigate the 
effects of intervention, pre-intervention and postintervention physical function data were compared using a paired-sample t test, and differences between the usual exercise and treadmill exercise groups were compared using a multivariate analysis of variance.
A Mann-Whitney test used to compare differences in the number of fallers and the number of falls between the usual exercise and treadmill exercise groups. Using a logistic regression procedure, a relative odds ratio was obtained to assess the effects of the fall prevention interventions based on the number of falls sustained in 6 mos. To compare time periods until the first fall, a log-rank test of Kaplan-Meier survival statistics was performed and differences between the groups were investigated. All statistical analyses were performed using SPSS 11.5 statistical software (SPSS, Chicago, IL). The alpha level of significance was set at P Ͻ 0.05 for all statistical tests conducted.
RESULTS

Compliance for Gait Training and
Baseline Characteristics. A total of 15 out of the 18 subjects (83%) completed the treadmill exercise program. Three subjects dropped out due to respiratory disease, hospitalization, or hip pain. Three subjects of the usual exercise group could not complete the postintervention tests because of hospitalization (one subject), cessation of visits to the facility (one subject), and a cerebrovascular accident (one subject). The final analysis included 15 subjects from the treadmill exercise group and 11 from the usual exercise group.
Before intervention, significant differences were not observed between the usual exercise group and the treadmill exercise group with regard to demographic data such as age, sex, body composition, fall history, medication, and diagnosis. None of the test items were significantly different between the groups.
Effect of Treadmill Exercise on Physical Function.
When comparing measurement items before and after intervention, the following functional measurements in the treadmill exercise group showed improvement after intervention: one-leg standing time, Functional Reach Test, RT walking, and RT perturbed-walking. No significant differences in functional measurements were noted in the usual exercise group (Table 3) . When comparing the usual exercise and treadmill exercise groups, the latter showed significant functional improvement in the Functional Reach Test and RT perturbed-walking.
Effect of Gait Training on Treadmill to Prevent Falls.
During the 6-mo follow-up period, the fall rates in the usual exercise and treadmill exercise groups were 54.5% and 33.3%, respectively. The lower fall rate observed in the treadmill exercise group was not statistically different from that in the usual exercise group. A significant difference in the odds ratio for falls was not noted between the two groups although the treadmill exercise group had a lower odds ratio of 0.417 (95% confidence interval, 0.084 -2.065; P ϭ 0.284). A statistical difference was not noted between the two exercise groups in the total number of falls, although the treadmill exercise group had fewer falls in total. On average, the time until first fall was 120 days in the usual exercise group and 147 days in the treadmill exercise group, but this difference was not statistically significant (Table 4) .
DISCUSSION
Falls in elderly people often lead to serious problems, such as hip fractures, and may result in chronic gait disability. Use of hip protectors in institutionalized frail elderly individuals seems to be an effective intervention to prevent hip fracture. 21 To date, however, no clear intervention has been identified that effectively prevents falls in the elderly.
14 Some reports suggest that falls can be prevented by environmental modification 22,23 and multicomponent intervention in institutional settings. 24, 25 On the other hand, exercise interventions such as low-intensity resistance training, balance training, and gait training have not had any observed effects. 12, 13 Most falls are the result of stumbling and slipping. Therefore, the righting reaction is a key skill to prevent falls after unexpected perturbation. Tang et al. 26 analyzed data from electromyographic records of their subjects after generation of a slipping stimulus while walking on a movable platform. They noted that the reaction of lower limb muscles rather than trunk muscles was important in recovery from perturbation. In particular, the anterior muscles of the lower limbs were noted to be most important in recovery from a perturbation event. When compared with healthy young adults, the elderly subjects in the Tang et al. 27 study had greater muscle latency, more extended periods of cocontraction of antagonistic muscles, reduced burst magnitudes, and greater upper limb compensation reactions to maintain their balance. This shows that the ability to instantly react to perturbation deteriorates with age. We developed a perturbed treadmill exercise program to improve postural reactions and previously demonstrated the effects of this exercise in communitydwelling elderly people. 28 The present study investigated the effects of the unexpected perturbation exercise program on fall prevention and postural reactions in a long-term care facility setting. After a 6-mo intervention, the treadmill exercise group (perturbation training group) showed more marked improvement in balance and reaction time than the usual exercise group. The improvement in the Functional Reach Test suggests enhancement of the stability limit with possible mobility while standing. The center of gravity changes substantially with unexpected perturbation when walking on a treadmill. The enhancement of postural reaction may have contributed to the improvement of balance function against perturbation. Time before reaction also decreased in RT perturbed-walking variables. Decreases in RT perturbed-walking indicates that the treadmill exercise group subjects did not have to be attentive to walking itself as they became adept at walking on a treadmill. This study suggests that gait training on a treadmill improves fall-related balance function and reaction time. These results support the need for perturbation training to improve the physical function of disabled elderly individuals.
The fall rates in the treadmill exercise group was 21% lower and the odds ratio for falls was 0.4. These results suggest the effectiveness of the treadmill exercise program for the prevention of falls. However, this difference was not significant, possibly due to the small sample size utilized in this study. Future studies utilizing a larger number of subjects may be better able to support or refute this effect. The number of falls and length of time until the first fall did not significantly differ between the two study groups, which is also probably the result of small sample size. A previous study of physical therapy applied to nursing home residents found that the number of fallers in the usual exercise group was 5% greater than in the intervention group. 12 When long-term care facility residents had resistance and endurance training, the fall rates in the intervention group was 3% lower than in the control group and the fall rates of the group undergoing tai chi training was 17% lower. 13 In this study, the fall rates in the treadmill exercise group was 21% lower than in the usual exercise group, thus suggesting that treadmill training is a useful training method for preventing falls. Improvement of functions such as balance and gait by way of treadmill training may have prevented falls. However, most elderly people who utilize care facilities have multiple chronic diseases, and functional improvement by exercise alone might not be practical for fall prevention.
This study alone does not explain the effects of treadmill exercise for two reasons: first, the number of subjects was not large enough for analysis; second, it was carried out without blinding. Although treadmill exercise is believed to improve physical function of frail elderly individuals, the effects on those with more serious functional disabilities are not certain. Therefore, it is necessary to carry out a similar study with a larger number of subjects, including those with serious functional disabilities, in the future.
In summary, gait training on a treadmill with unexpected perturbation in disabled seniors utilizing a geriatric health services facility seemed to be beneficial in improving balance and reaction time. Although this study did not show a significant beneficial effect for fall prevention, a reduction in the fall rates was noted in the treadmill exercise group.
